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ABSTRACT 


The vacuum wavelengths of eighteen lines Ont: 
the Mercury 198 spectrum were measured. A Fabry- 
Perot interferometer with three different etalon 
Spacers was used. The results agree within 
experimental error with measurements made by 
other experimenters, J.M. Blank, W.F.Meggers 


and K.G.Kessler, and K. Burns and K.B. .Adams. 
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I__INTRODUCTION 


Precision measurements in spectroscopy require that 
there be a standard wavelength (or wavelengths) to which 
subsequent investigation may be referred. Because it is 
not always convenient or even possible to use the primary 
standard, cadmium 6458.4696A, lines from the spectra of 
various other elements have been proposed as secondary 
standards; for example, many of the lines of neon and 
argon are used for this purpose, 

In 1940 it was reported by Weins and Alvarez (1) 
that oes Hg could be excited to emit radiation free 
from isotopic and hyperfine structure. Furthermore it 
can be excited at low temperatures and low vapor pressure; 
hence the wavelengths are determinable to a high degree 
of aceuracy, of the order of 1 part in 5'x ilo Various 
experimenters ©>%>*) have made measurements of these lines. 
In the present work these measurements are repeated with 
special emphasis on the ultra-violet portion of the 
spectrum. 

The vacuum wavelengths were determined by means 
of a Fabry-Perot interferometer crossed with a Hilger 
EB 1 Littrow Spectrograph. The measurements were made 
with respect to 4 neon visible lines as secondary 


standards. 
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1. Fabry - Perot Interferometer 


The Fabry - Perot interferometer consists of a 
pair of transparent plates coated with a partially 
reflecting, partially transmitting layer of metal. 

The plates usually are glass, or quartz if the investi- 
gation is to be carried into the ultra-violet. The 
metals used are silver and aluminum because these possess 
the essential properties, namely, high reflectivity 
(80-95%) and low absorption, necessary to obtain high 
resolution with appreciable intensity. Silver is 
superior to aluminum in the infra-red and visible 
regions of the ebadeean* er pad it has a strong absorp- 
tion band at 5000 A; hence, for ultra-violet spectro- 
scopy aluminum coated plates are essential. The re- 
flectivity of aluminum beeen to decrease considerably 
at about 2500 A. , 

The plates of the interferometer are separated by 
a spacer wnich is often quartz or invar. These materials 
are chosen for their low coefficient of thermal expan- 
sion to insure stability throughout small tempereture 
variations. 

The components of the interferometer are assembled 


so that the plates are as nearly parallel as possible, 
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to an accuracy of a fraction of a wavelength of light. 
The spacer must be of a high quality so that such 
arrangement is attainable. 

A ray of light entering the interferometer in a 
direction nearly perpendicular to the plates is partly 
reflected and partly transmitted at each metal surface 
(fig. 1). The condition for constructive interference 
is 

pA = apt cos O (1) 
where p is an integer, Ais the wavelength of the light, 
© is the angle of incidence, t is the plate separation, 
and Y is the refractive index of the medium between the 
plates. If the space between the plates is evacuated 
p = |. Because of the symmetry about the normal to the 
plates circles of interference maxima and minima, 


focussed at infinity, will be observed. 


2. Calculation of the Fractional Part of the Order Number 


An order number P which in general will not be 
integral is assigned to the centre of the pattern 
(here 6-0); P may be written as the sum of an integer 
Po and a fraction e. Then at the centre of the interfer- 


ence pattern 
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- Typical Interference Pattern 


Plate l, 


Figure 1. 


Ray of Light Passing Through Interferometer. 


A: etalon plates 
BB : metal surfaces 
C: convex lens 


DD : focal plane of lens 
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The order number of the n&A bright ring is (Po - n) 
where n = 0,1,2, ..., beginning at the centre of the 


pattern and counting outwards. Now 


GIS, a DS (3) 
afe 
if Dn<<f, where Dn is the diameter of the nb) pright 
ring as observed in the focal plane of the lens of 
focal length f. Substitution in equation (1) gives the 
result 
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But from equation (2) 


(Po te)r=2t 
C= ae Whar —-Nn 
Bye 
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where K is a constant independent of n. 

The fractional portion of the interference order 
number at the centre of the pattern can be calculated 
from equation (4). To increase the accuracy of this 
calculation several diameters are measured and a least 
squeres line is fitted to the data. The normal equations 


(Appendix I) are 
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where djis the number of diameters measured. These 
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equations may be solved for e and K 
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In particular for j = 5 these equations become 
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An estimate of the accuracy of the value of e is 


made by computing the standard error of estimate. 
co 
Standard error of estimate = @ -en) (11) 


where @, is computed from equation (4). 
A more detailed and complete theory of the Fabry- 
(6) 


Perot interferometer is given by Wei esner” and Tolansky. 


&. Galculation of Btalon Separation. 


The Seemann of the interferometer plates must 
be known to about 1 part in 108 if en unknown wave- 
length is to be calculated to that order of accuracy. 
To find the separation a standard wavelength (or wave- 
lengths) is measured; secondary standards such as the 
lines of neon are convenient for this purpose. For the 
calculation of the separation it is necessary to know: 


1) The wavelengths of at least two of the standard 
lines to an accuracy of about 1 part in 108. 
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2) The fractional parts of the order numbers of the 
standard lines. 


3) An approximate value of the separation (prefer- 
ably to at least four significant figures). 


With two calculating machines the following method 
may be used to compute the precise value of the sepa- 
ration. An approximate value of P (the interference 
order number) is computed from equation (2) for two 
wavelengths, using the exact value of the wavelengths 
and the approximate value of 2t,. The two wavelengths 
are then set on the calculating machines as constant 
multiplicands; the order numbers with the measured 
fractional parts are set on the keyboards as multipliers. 
Multiplication will give two values of et which will 
probably be different from each other. The integral 
parts of the order numbers are changed by constant 
amounts and the multiplications are continued until the 
two calculated values of et agree with each other to 
about 1 part in 108. A third and fourth wavelength are 
used as a check. 

It is usually necessary to follow this procedure 
only once since the value of et does not change appre- 
ciably for subsequent exposures with the same stealon 
spacer. 

Several other methods of calculating the plate 


(5) 


seperation are discussed by Meissner. 


Te 


4. Calculation of Wavelengths. 


To calculate the value of an unknown wavelength 
it is necessary to knows 


1) The fractional part of P for the unknown wave- 
length. 


2) An approximate value of the wavelength (5 or 
6 significant figures) 


5) An exact value of 2t (about 1 part in 162) 


By equation (2) an approximate value of P is 
calculated from the exact value of 2t and the approxi- 
mate wavelength. The measured fractional part is 
substituted into P and equation (2) is used again to 
calculate an exact value of the wavelength. | 

The known approximate value of ene wavelength may 
not be sufficient to determine the integral part of P 
exactly; as a result P may be incorrect by the amount 
of some small integer. In this case the observations 
at a different etalon separation serve as a check and 
the correct integral portion of the order number is 


readily established. 
Se Phase Change at Reflection. 


Upon reflection at a metallic surface a small phase 
change is introduced between the incident and reflected 
beams of light. This phase change is a function of the 
wavelength of the incident light, of the nature of the 
metal, its thickness and condition. To eliminate the 


dispersive effect that the phase change has on the cal- 
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culated values of the wavelength it is necessary to 
make a correction to each wavelength. With observa-~= 
tions made at at least two different etalon seperations, 
it is possible to determine the necessary correction 
experimentally. 

The phase change correction can be made by assum- 
ing an apparent change St in the separation of the eta- 
lon plates, and independent of the separation. For two 


thicknesses tl and t2 equetion (2) may be written 


v= Aas = 2(t1+ So) 
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x (12) 
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where \ and are the observed wavelengths at thick- 


nesses tl and t2, respectively, and Nis the true wave- 


length. The solutions for are 
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The choice of etalon spacers is important; 
choosing two nearly equal separations makes the factors 
(Fe) and (cee) large. The error in the wavelength 
difference ()\”-)’) is multiplied by these factors, and 
hence the error in the phase change corrections will be 
proportional to them. It is desirable to use at least 
one large and one small etalon separation. 

KW. flekssdiow\ @ descSinae more fully this method 


of applying a correction for phase chenge; also, A.W. 
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Ses 


Bae 


ie ees (ye i eg eS, 


A 
( Decal ati} & 


beeen ntl ened ade 
wl 


ae 7 Bas ales jidseqees .Sd fins It seeeen 
‘ers A acl encidufce ed? .ddgaed 


oi) 


Qe 


III APPARATUS 


1. General Considerations 


The apparatus used in the work was tne same, 
with some minor alterations, as that used by A.W. 
Shith" and R.A. Olafson’ ©” A more detailed account 
of some aspects of the apparatus is given by them. 

The Fabry - Perot interferometer used consisted 
of two quartz plates each aluminized on one surface. 
The spacers which were available were made of invar. 
To separate the many lines of the neon and mercury 
spectra it was necessary to “cross” the interferometer 
with a spectrograph. The methods of doing this are 
discussed by Polensir. 

The spectrograph used for this purpose was a 
Hilger Bl Littrow Spectrograph with quartz optical 
components. It was found necessary to redetermine the 
settings which best focus horizontal lines; the re- 
sults are given in Appendix II. The entrance slit was 
opened about + mm. 

The etalon was situated in a vacuum-tight brass 
chamber which in turn was immersed in a water bath. 
The temperature of the bath was thermostatically con- 
trolled; a heating element, water-cooled coils, and 
a stirring mechanism assured that the temperature of the 


bath was kept constent. By varying the rates of heating 


and cooling it was found possible to control the length 


neer : ont hee eer a sere ac ait elsteqger | ot | : 


nny i 


Plate 2. Components of Interferometer. 


Plate 3. General View of Apparatus. 
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of the thermostatic cycle. This was adjusted to about 
4 minutes, the same length of time as the duration of the 
neon and shortest mercury exposures. In this way the 
average temperature during the exposure would be the 
Same as the average temperature over a thermostatic 
cycle. 

K check was kept on the temperature by means of a 
Beckman thermometer. This instrument was calibrated, 
but since the temperature does not enter directly into 
any calculations, only the results of that calibration 


will be given here: 
Welit.cogcG |) seh Seh Cun hiolk Os B 


where T is the temperature in degrees centigrade and 

B is the reading of the Beckman thermometer. The 
method of calibration was the same as that used by 

AAW. orien ane R.A. eee 4 The average tempera- 
ture of the bath for each exposure was 21.40°C. 

The thermometer showed variations of .01° C about 
the average temperature during one thermostatic cycle. 
Taking the coefficient of thermal expension of invar 
bo. be: 0.9) = eo? this results in a variation 


Of 2 x 16% 


ecm. in the length of the etalon spacer. 
Since this variation is about 1/10 the uncertainty in 
the measurement of the etalon separation, it may be 


neglected. 


The mechanical vacuum pump used to evacuate the 
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the etalon chember was situated at a distance from the 
main apparatus and mounted on three sets of snock 
mountings. This permitted continuous pumping of the 
chamber without the danger of excessive vibration through- 
out the exposures. The mechanical pump was connected to 
a mercury diffusion pump with 10 meters of 14 mm. diameter 
pyrex tubing. A dry ice-methanol trap was built into the 
Vacuum system at the entrance to the etalon chember; 
this trap prevented mercury and water vapor from enter- 
ing the chamber. 

The air pressure in the etalon chamber was measured 
with a MacLeod gauge. While the pressure was not 
measured accurately, it was found to be less than one 
micron of mercury. At that pressure the residual air 
would produce a change of 0.000002 A at the most in the 
wavelengths at 6000 A and less in the ultra-violet. 
Since this is considerably beyond the accuracy of measure- 
ment of the wavelengths, the effect of the residual 


pressure may be neglected. 
2. Sources and Excitation. 


The neon source was an ordinary Geissler discharge 
tube. The effective size of the source was limited by 
an aperature of black paper fitted on the capilliary 
portion of the tube. The tube was excited by 60 cycle, 
116 volts transformed to & potential of S000 volts. The 


current through the tube was 7 milliamperes. 
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The mercury 198 tube was supplied by Baird 
Associates, Cambridge, Massachusetts. It was con-= 
structed of vycor glass and contained a few milli- 
grams of artificially prepared oe Hg and a trace of 
zh Hee A 600 megacycle/sec. war-surplus rader gen- 
erator was used to excite the discharge. The genera- 
tor has two triode push-pull, tuned plate-tuned cathode 
oscillators working in parallel. A detailed descrip- 
tion is given by M.1.T. Radar School Starr. Accord- 
ane tO Folleneky as clean-up of the element in the 
tube occurs under the electrodes; therefore the tube 


was wrapped completely in aluminum foil except for the 


interelectrode space. 


o. The Optical System 


The light from the discharge tubes, which were 
viewed transversely (i.e., in a direction perpendicular 
to their long axis), was condensed by a quartz lens and 
focussed at a spot approximately halfway between the 
etalon plates (fig. 2). The discharge tubes were 
fastened to a sliding holder which allowed them to be 
alternately positioned in front of the condensing lens. 
After emerging from the interferometer the light was 
focussed on the slit of the spectrograph by a quartzg- 
fluorite achromet of focal length 26 cm. 

To check that the centre of the interference 
pattern fell on the slit a small light source was 


placed in the spectrograph near the prism. The light 


Ne cure we a “sfell : “aq. 


Yad? Focdo® “9 DBE aoe vd novia * ed toh 
edt at ‘tamale oe 46 gu-age to mA ? qaleneTop..0 Suet 
edud oid ere lerend | ieobousoote ene mebaus amooe ods 


ne | 


“sat 46% eanoxe Lich acscetm BE tlevetqmes bose sam 


bs i j ; 


seeds ebostooLoredmt 


i ' 
x i 


_ ontett Ko Lai aed g her unee od aoee teat oe 


2e Optical System 


discharge tube 

quartz condensing lens 
optically flat quartz windows 
etalon plates 

etalon chamber 


quartz-fluorite achromat 
Hilger E 1 Spectrograph 
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from this source was directed through the slit to 
the etalon plate and reflected back from the metal 
surface towards the slit. The etalon was considered 
perpendicular to the path of the light beem when the 


reflected light fell back exactly on the slit. 
4, The Densitometer. 


Analysis of the interference patterns involved the 
measurement of the distance between corresponding 
fringes on opposite sides of the centre of the pattern. 
A densitometer was used to make a trace of the pattern 
on a paper chert. An ordinary scale was then used to 
make the necessary measurements. 

The densitometer consists essentially of a plate 
holder moving on a carriage and a device for detecting 
variations in the image density of the photographic 
emulsion. The carriage screw which was known to be of 
high quality, was rotated by the external drive of the 
Esterline - Angus recording milliameter. A slight 
change was made in the method of driving the carriage 
screw. Previously the chart drive end the carriage 
drive had been connected by a set of fiber gears. 

Since it was thought that these gears might have 
small irregularities, an alteration was made so that 
the carriage and once Cha ee from the same shaft. 

No conelusion could be made as to the consequences of 


this change, but indications were that the trace of 
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the pattern was more uniform. 

The device for scanning the pattern consisted 
of a light focussed on the photographic emulsion; 
from there the light was focussed by another lens on 
the slit of a photomultiplier tube 951-A. The output 
of the photomultiplier tube was fed into a 6J5 triode 
used as a cathode-follower amplifier; the current of 
this amplifier was measured with the Esterline-Angus 


recording milliameter. 
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Plate 4s 


Densitometer. 
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IV__EXPERINENTAL PROCEDURE 


1. Preliminary Adjustments 


Several hours before the exposure was begun the 
temperature control for the water bath was put into 
operation to permit the etalon to reach temperature — 
equilibrium. After equilibrium had been reached the 
etalon was checked for parallelism of the plates. This 
was done by moving a telescope focussed at infinity 
from side to side and up and down across the face of 
the etelon plate. If the plates were parallel no 
difference in the diameter of the interference rings 
was observed when this was done. In a few cases a 
slight adjustment was necessary to bring the plates 
back to parallelism. 

After the check for parallelism the etalon chember 
was flushed twice with air which had been passed over 
phosphorus sa nearuide and anhydrous sodium hydroxide in 
order to remove water vapor and carbon dioxide. Finally 
the chamber was evacuated and the diffusion pump was 
left in operation for at least one hour before the 
exposures were begun. After this time the air pressure 
had been reduced sufficiently and temperature equili- 


brium had certeinly been reached. 


ee Vacuum Exposures. 


The vacuum exposures were then made on Eastman 
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Kodak III-F Spectroscopic Plates, which are sensi- 


Give from 2000 KR to 6900 A, in tae following order: 


1) Neon, visible, 4 minutes. 
2) Mercury, visible, 50 minutes. 
3) Mercury, far ultra-violet, 4 minutes. 


5) Neon, visible, 4 minutes. 


The temperature and the functioning of the thermo- 
stat were checked after each exposure to insure that the 
temperature had been maintained constant. The air 
pressure was also checked. 

Nine plates were taken, three with each of the 


etalon spacers. 


S. Frocessing of Plates. 
Kod alk, 


The spectroscopic plates were developed in D-19 
for 8 to 9 minutes depending on the condition of the 
developer, and fixed in Ansco acid fixer with hardener 
for 10 minutes. Care was taken co have the developer, 
fixer and wash water at nearly the same temperature. 
Finally the plates were washed, rinsed in e wetting 
agent, and dried in a gentle stream of unheated air 
blown through oil-soaked cheesecloth to collect the 
dust from the air. These precautions are necessary to 
prevent shrinking or expension of the emulsion during 


the processing. tS) ts) 
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V__RESULTS AND DISCUSSION 


a 


Observations were made with three etalon spacers, 
ive CMe, ao. CH. and 2.0 ¢m, Since mo Larse Spacers 
other than the 1.5 cm. and 2.8 cm. were available, the 
2eo GCM. Spacing was obtained by placing 1.0 em. and 1.5 
cm. spacers together. The two spacers together tended 
to be somewhat more unstable than a single spacer. 
Whereas the single spacers changed about 1 part in 108 
during the’ 5 hours necessary for the exposures, the 
double spacer changed about 4 parts in 10" during that 
time. Nevertheless since this change was of the order 
of the accuracy possible in the measurement of the 
plate separation, the results from all three spacers 
were given equal value. 

The data from the nine plates is given in Appendix 
IV. Four neon lines which had been measured with 
respect to the primary standard, cadmium 6458.4696 A, 
were chosen as the secondary standaniee The standard 
wavelengths were converted to vacuum wavelengths by 
use of the refractive index calculated from the aver-— 
aged data of Barrell and Sears and of Perard (Appendix 
III). Eighteen lines of the mercury 198 spectra were 
measured. Seventeen of these were from mercury in the 
ground and singly-ionized state; one, the 4705 A line 


was from the spectrum of doubly-ionizged mercury. 
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Phase change corrections were made by combining 
thie data from the lss ems) and 2.o”em. and from, the 1.5 
cme. and €.8 cm. spacers. The calculations are given 
in Appendix IV. ‘The corrected wavelengths calculated 
from the two combinations were averaged to give final 
values of wavelength. These are shown in Table 1; the 
standard wavelength is calculated by using the refrac- 
tive index computed from che averaged data of Barrell 
and Sears and of Perard. Tne experimental errors quoted 


are the standard deviations. 
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Table. 1. 


Final Vacuum Wavelengths of Mercury 198 


Standard Alic 
Wavelength 


Final Vacuum Refractive 
Wavelength Index ¢ 
(in Angstroms) (p- 1) x 10 


2007e26850 +.00028 


£656.285255 
2795-99686 
£894 .44652 


2968.14968 


5022 .57975 
5024.55686 
5126.07562 
5542 .44275 


5651.19656 


5655.880535 
5664.52416 
4047,'71484 
40'78.98951 


4359,56218 


4705.95714 
5462.27094 


59792.26810 


o7 
45 
28 


ZO 


15 
58 
ol 
c4 


o4 


re) 
ol 
585 
44 
44 


500.65 
297,87 
295.77 
295.27 


292.15 


291.55 
291.50 
£89.95 
287.99 


284.91 


284,88 
284.82 


282.45 


282.29. 


281.01 


279,64 
277.85 
27 e2o 


2056.90571 
2652 .04257 
2752-78266 
£895.59793 


2967.28280 


3021.49947 
3023.47611 
3125 .66932 
3341.48189 


4650.156359 


5654.85955 
5665,28080 
4046.57188 
4077-85858 


4358 .55746 


470464152 
5460. 75368 


5790 .662635 
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Table 2. Comparison of Results with Other Experimenters. 


Standard Present JeM. Brae W.F. Meggers K.Burns 

Wavelength™ Work ** and ay ie Pas 4) 

(in Angstroms) K.G. Kessler K.B. Adams 
MOOS 10005 200635 
©0426 ©0425 
«7ea7 7828 
00979 .o98e 
22Gee PyAaitey 2 
04295 4996 
04761 04764 
° 6695 » 6698 
4819 43814 
L564 - 15688 - 1564 
8594 ~8392 
~ 2808 ~2808 
25710 “Gales ‘evale 
8384 ~8379 
25070 Lome 
6415 paisa 
1007 el(o02 
- 6626 ~ 6626 


* Integral part only 


*%* Colums 2, 3, 4 and 5 contain the fractional part of the 


wavelength only. 
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A comparison of the results of the present work with those 

of previous experimenters is made in Table 2. There is 
agreement within experimental error for most of the wave- 
lengths. Exceptions are the lines 2557 A, 5126 A, and 

5541 A. For these lines the phase change correction as 
ealeulated Irom the 1.5 cm. and 2.5 cm. Spacer combinat von 

is considerably different from that calculated from the 

1.5 cm. and &.8 cm. spacer combination; since the two com- 
binations are nearly the same, the phase change corrections 
should also be nearly the same. However this consideration 
Gannot be used as a basis for rejecting the results for these 
ices The two phase change corrections differ eonsiderably 
also for several other lines which do agree well with pre- 
vious determinations, namely, the lines 3655 A, 3663 A, 4358 A, 
and S79) A. 

The largest part of the error in calculation is intro- 
duced during the application of the phase change correction. 
As was mentioned previously in the theory of the phase change 
correction, this onroe Gan ue kept at a minimum by a proper 
choice of etalon separations. It would appear that a 0.5 cm. 
or 1.0 cm. spacer would have been a better choice than the 
1.5 cm. spacer. In those cases the probable error in the 
correction would have been one-third or one-half that of the 
present work. , 

Since the lines of the mercury discharge are very sharp, 
a greater accuracy in measurement should be attainable - 


Jeli. Blank for instance, quotes a standard deviation of 
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about 0.0001 A in his determination of the wavelengths. 
A place for possible improvement exists in the measure- 
ment of the fractional part of the order number, e. 

The criterion for accepting the measured value of e 

was arbitrarily taken to be that the standard error 

of estimate should be less than 0.0075. It was possible 
to achieve this accuracy, with one or two exceptions. 

In many cases it was found that the accuracy was im- 
proved by a remeasurement of line; hence it would 
appear that the manner in which the densitometer it- 
self was operated had some effect on the results of the 
be acute oust The best results were obtained from the 
more intense lines; the lower limit on the standard 
error of estimate for these lines appeared to be 0.0010, 
with most being around 0.0050. It is likely that the 
values of e would be improved if each line were measured 


tnree times, say, and the average result taken. 


el. 


Appendix 1. Derivation of Normal Equations For 
The Least Squares Method. 


The least squares method provides a useful 
criterion for computing the best equation relating 
sets of experimental data. 

For an equation of the form 

ys a+ bx Ox” + eee , (2) 


there will be values of Yen corresponding to values of 


An,where Yon is computed by the equations 
2 
Yel = a + DX, + ck} Tieeis 


ee 


Y¥Co 


2 
YCn at bXy + oxy + see 2) 


The criterion of the least squares method is 
that the quantity > ee be a minimum, where 
Yn is the es iontal value of the first set corres- 
ponding to the value of Xn of the second set. Applica- 


tion of the criterion results in the equations 


W 5 N 
a 2 (Na Nen) = O = 22 (V2 bX 


OG N=! 


a = Cee ne oe Dae be ox 


(3) 


Or, rewriting, 


N N aN 
Pal Wee es (Nig. ae a ghee = Xn + 
aK n=l =| 
N N ) 
Ze Xan = O Z Xn alg b vA aie oF CVA oe 
N=} mn YV=' n=' 


H 
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Equations (4) are the normal equations. 
A measure used to indicate the excellence of fit 
of the least squares equation is the standard error of 


estimate; it is computed by the relation 


¥ N. Bis 
Stenderd error of estimate = z nes Geant 
Act o————___. (3) 
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Appendix 2. Focus Settings of the Hilger Spectrograph 


The focus settings of the Hilger El Littrow 
Spectrograph are not the same for focussing hori- 
zontal and vertical lines because of astigmatism in 
the spectrograph. Since the interference maxima 
appear as horizontal lines across the slit, settings 
must be determined which best focus such lines. 

For each region of the spectrum the two foci 
for horizontal and vertical lines are closest to each 
other for the longer wavelengths. For example, in the 
region 5400 A - 7000 A the foci are closest together at 
7000 As; in the region 2400 A - 5400 A the foci are 
closest at 5400 A. The foci are considerably closer 
together for the 5400 A line in the 2400 A - 5400 A 
region than for that line in the 5400 A - 7000 A region. 

The line 2537 A shows appreciable lateral spread- 
ing in the region 2400 A - 3400 A; as a result there is 
en apparent decrease in intensity and the line is 
diffused. Settings were found for a region 2700 A and 
less; in that region the 2557 A line appeared much 
Sharper and a shorter exposure was required. 

The focus settings were found by test exposures. 

A brass slide across which were placed a number of fine 
glass strands was substituted for the fishtail. When 
the slide was in position the glass strands were very 


nearly in contact with the spectrograph slit and acted 
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effectively as sharp horizontal lines. fhe results 


are summarized in the table. 


Focus Prism 
RoOvavrvon 


2400 A and 
less 


2400 A- 54008 


3400 A- 7OOOA 
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Appendix 35. Refractive Index of Air 


The refractive index of air must be known to 
about 8 or 9 significant figures in order to convert 
the known standard wavelengths to vacuum wavelengths. 
The averaged data of Barrell and Sears (11) and of 
(12) 


Perard was used. A least squares line of the 


form 


An, HOWE POR a4 C 
; d? (a) 


was fitted to their data, wnere A,B, and © are constants. 


The result is the equation 


(x0 © 277 670 Ean sce 4 Onociole 
a 4 


where A is measured in microns. 
The refractive index for tne 4 neon lines used as 


secondary standards are given in the table. 


Standard 
| Wavelengths | -1) ¥10° Vacuum 


Wavelengths 


(in Angstroms) 


5852.4878 277.146 5854.10979 
5944.8340 277,003 5946.48074 
6217.2812 276.616 6219.00100 


6266.495¢é 276,992 6268.22821 


= 
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Appendix 4, Observations and Calculations 


ae Observations from Vacuum Plates 

The observations at the three etalon separations 
are summarized in tables 1, 2, and 3. The wavelengths 
which appear in tables 4 and 5 are the weighted averages 
of the wavelengths calculated in tables 1, 2, and 3. 
The standard errors of estimate, which are quoted in 
the tables, were used as a basis for determining the 
value of a calculation. In no case was any measurement 
given a weight of more than two as compared to one for 


the least accurate measurement. 
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Table 1. Data From 1.5 cm. Spacer. 


Neon 
Exposure 


Vacuum 
Wavelength 


(in Angstroms) 


5854.10979 
5946.4307h 
6219.00100 
6268.22821 


5854.10979m 


5946.4807h 
6219.00100 
6268.22821 


Vacuum 


Wavelengths* 
(in Angstroms) 


*Integral part only. 


**Fractional part only. 


Interference 


Order 
Numbers* 


Interference 
Order 
Nupber* 


118,234 
223,053 
108,945 
103,64 
101,070 


99,257 
99,192 
95,9h9 
89,752 
82,162 


824057 
81,868 
74,114 
73 5545 
68,812 


63,747 
54,920 
51,791 


Interference 


Order 


Number** 


7818 
6340 
o1bhs 
5222 


-0236 
21015 
-2061 
4675 
07874 


©5235 
4276 
.0328 
-7790 
~50L9 


3706 
816 


| .8755 


29 
ho 
35 
BZ 


55 
28 
17 
09 
51 


32 
18 
Wi 
58 
19 


39 
27 
29 


Separation 
(in cm.) 


2.99992 396 
hos 
379 
4.07 


2.99992 398 


2.99992 435 
429 
39h 
378 


Averages 
2299992 Lok 


Overall 
averages 


2.99992 ok 


Wavelength** 
(in Angstroms) 


26848 
83311 
259728 
4621 
14931 


237958 
035775 
057512 
4182 
219552 


87929 
32347 
«71390 
-98869 
256228 


095725 
227133 
226757 


Interference 
Order 
Number** 


Interference 
Order 
Number** 


23838 4.0046 
7913 ho 
-6563 60 
21457 
05272 


20306 
- 2236 
22103 
4682 
- 7886 


5248 
4261 
0367 
7895 
25143 


©3602 
8254 


| 8769 


Double Plate 
Separation 
(in cm.) 


2.99992 437 
U6 
402 


Averages; 
2.99992 420 
Overall 
average: 


2.99992 422 


Vacuum 
Wavelength** 


(in Angstroms) 


interference 
Order 
Number** 


Interference 
Order 
Nmomber** 


03865 +.0052 
7812 39 
6220 30 
21354 23 
25183 


0202 
21033 
-1976 
4692 


25170 
4278 
29239 
07724 
4982 


23638 
8226 
8793 


Double Plate 
Separation 
(in cm.) 


Averages: 

2.99992 401 

2.99992 431 
433 
368 
382 


Averages 
2.99992 403 


Overall 
average; 
2.99992 402 


Vacuum 
Wavelength**« 


(in Angstroms) 


- 26865 
83314 
059759 
A647 
14956 


° 37969 
235771 
057541 
~4h177 
.19622 


- 87960 
232348 
- 71440 
98907 
256272 


095777 
227073 
26717 
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Table 2 Data From The 2.5 cm. Spacer, 


Wavelengths Order 


(in Angstroms) | Number* Interference | Double Plate Interference | Double Plate Interference | Double Plate 
Order Separation Order Separation Order Separation 
Number (in em.) Number** (in cm.) Numberx* (in em.) 


Initial | 5854.10979 85,412 1.0225 5.00017 211 5.00016 999 


5.00017 007 


Neon 59h6 48074 &4 036 +2336 169 967 062 
Exposure] 6219.00100 80,401 05293 191 991 010 
6268.22821 79 5770 - 1038 215 5.00017 005 o5h 


Averages: 
5.00017 196 
| 5.00017 171 
142 
146 5.00016 996 5.00016 996 
201 5.00017 036 5.00017 034 


Average: Average: Averages; 
5.00017 165 5.00017 015 . 5.00017 017 


Overall Overall Overall 
average: average: 
5.00017 003 5.00017 025 


Average: 
5.00016 990 
5.00017 022 

006 


Averages 
5.00017 018 
019 


585 .10979 85,412 
594648074 8h , 086 
6219.00100 80,401 
6268.22821 79 3770 


average: 
5.00017 181 


Vacuum Interference 


; Interference | vacuum Interference 2Interference | Vacuum 

3 Vacuum 5 

Saket i ee Orger Javelengths® Order Wavelength**« Order Wavyetengthy* 
Mercury 1974069 .0756 4.0030 1.9970 #.0025| 26873 50028 #008) | =28e 
Exposure 188 ,484 b2t27 52 1635 140| (83207 ll 61977 83260 


181,586 
172,750 
168,460 


eee oe 28367 8 | 59731 


24531 67] .hu6gh 41909 41633 


8420 7h -14973 862 ~14950 


29011 60 
05214 56 
29078 


165,438 


. 236) 
165,330 


20513 Bul 
8698 2 
33355 53 
-1287 


.1668 .1869 037974 
a. é ieee .0193 35714 


7971 67|\ “eseas 8125 57565 
.2861 50 .3033 4239 
20738 31 . 20991 019582 


159,924 
1h9 ,596 
136,946 


136,770 
136,455 
123,530 
122,583 
114,69) 


= h6 26312 230007 
Giise -4609 2 
60514 . 7081 971439 
s 5694 098895 
cae <3L72 56234 


6717 
-5008 15 
- 7440 hh 
25970 45 
34h8 


23043" 


ere we | meee ee 29512 095617 


: «1399 27071 
ete Lueks “9125 - 26796 


106,251 
91,540 
86,324 


9496 
~1650 
~9408 


*Integral part only. 
*%*Fractional part only. 
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Table 3. Data From The 2.8 cm. Spacer. 


Interference 
Order 


Vacuum 
Wavelength 


Plate 7 | Plate 8 Plate 9 


(in Angstroms) | Number* Interference | Double Plate Interference | Double Plate Interference | Double Plate 
Order Separation Order | Separation Order ‘Separation 
Number** (in cn.) Number#* (in cm.) Number** (in cm.) 


585h.10979 559854 355 


5.59854 116 4189 


5.5985 388 


5946 .48074 362 han ~ S60) 385 
6219.00100 393 107 22115 be 
6268.22821 421 32214 hs59 


Averages | 
5.5985 378. 
5.59854 390 


Average: 
259854 418 


559854 366 


5854.10979 


5946 807k 331 393 

6219.00100 hog hh2 

6268.22821 380 423 
peo a Average: Average: 

55985 378 5.59854 107 | 5.5985 106 


Overall 
average: 


5.5985 06 


Overall 
average: 


559854 378 


Overall 
average: 


5.59854 h12 


Vacuum 
Wavelength** 
(in Angstroms) 


Interference 
Order 
Number* 


Vacuum 
Wavelength** 
(in Angstroms) 


Interference 
Order 
Number 


Vacuum 
Wavelength 
(in Angstroms) 


Interference 
Order 
Number*%* 


Interference 
Order 
Number 


Vacuum 

Wavelength 

(in Angstroms) 
2 


220,652 04112 +.0052 | .26834 e416 #.0075 | «26843 » 26808 
211,010 22248 72 | -83255 022239 59 | .&3272 22023 70 | .&3300 
203,317 04531 22 | .59724 24827 41 | .59698 5013 13 | .59676 
193,423 6542 62 | .4629 26600 75 | «4635 -G620 74 | 44635 
188,620 -6961 71 | 014925 6875 ~195h .7001 .11936 


185,236 02942 58 | 237950 23051 037947 22998 -.0030 | .37959 
185,115 21614 38 | .35724 21726 60 | .35720 21912 77 | -35693 
179,063 21502 69 | .67505 -1396 59 | .67539 01652 33 | 57198 
167,498 2608 29 | .b420h 26221 36 | 44186 26135 21 | .4207 
153,334 25331 75 | 219564 25219 .19608 25202 .19616 


153,138 0638 ko | ,87996 0804 87974 0932 87948 
152,785 1864 52 | «32369 1997 56 | .32355 «2100 12 | 32335 
136,313 - 7019 32 | «7142 7184 42 | 271423 -7236 50 | .71412 
137,253 -2242 31 | -98890 ©2257 56 | .98906 «2316 20 
128,419 .8720 29 | 56188 8733 3 | 56205 8796 1) 


118,967 21518 095765 e131 7 095868 i712 ei t3 | cazt tt 
102,49 ©7975 27118 28127 27064 ie 
96,655 4710 26786. 4870 226719 AS 


*Integral part only. 
**Fractional part only. 
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b. Phase Change Correction 


Table 4. Correction for 1.5 cm. and 2.5 cm. Spacers 


Vacuum Wavelength** 
Wave- ab 2.5) en, 
length* | Spacer 
(in Ang- 
stroms) 
Ba57 »26867+.00016 
2652 “asia 2 
2755 ~59730 29 
2894 -44638 1a) 
2968 14941 Tha 
3022 2357961 5 
5024 Soo Tol: ee 
3126 LEVEE digs 
5542 .44188 at 
3651 . 19580 30 
3655 .87948 1S 
3664 «32360 1S 
4047 c7ialie 22 
4078 . 98864 29 
4359 656233 30 
4.705 . 95779 45 
5462 227092 27 
226743 28 


* Integral part only 


Wavelength ** 


at <.5 cm. 
Spacer 
«20871 +,00006 
»835292 26 
209725 5 
244663 oe 
» 14962 10 
»57985 LO 
°59750 16 
257564 14 
44257 14 
719607 22 
88014 14 
32415 13 
© 71453 10 
~78907 15 
206254 14 
90694 Te 
221095 16 
.26792 5 


AK Fractional part only 


Phase 


Change 


Correction 
to” 2.5 “ems 


Spacer 


+,.00006 £.00026 


aC 00028 
LO 


+ .00058 
52 


Oo 

- 00032 
+, 00064 
104 


40 


os) 
82 
62 
64 
oe 
-.90128 


+. 00004 


74 


59 


44 
58 
Ce 


16 
40 
28 
Zl 


56 


28 
30 
34 
50 


50 


Corrected 

Wavelength'™* 
~26876 +.00027 
~83264 46 
2997/15 ad 
044701 44. 
»14994 as) 
~ 58016 19 
250698 43 
| 57628 oul 
443561 50 
19647 og 
-88113 oul 
202497 roy) 
» LOLS 55 
ooo 7. Sy 
206286 de 
95566 160 
22/099 AQ 
~26866 42 
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Table 5. 


Correction for 1.5 em. and 


Wavelength** 
at 1.5 cm. 


spacer 


Wavelength** 
at 2.8 cm. 


spacer 


Bem Ci. 


spacers 


Correction 
GO B.4o4 Cl. 


Spacer 


Corrected 
Wavelengtn 


RK 


2057 .268674.00016 | .26828+.00015 |-.000454.00025 | .26785+.00029 
2652 835i 2 | .83276 19 40 22 185256 29 
2755 59730 29 | .59697 20 38 40 | .59659 45 
2894 | 44638 11 | .44633 03 06 13 | .44627 13 
2968 214941 11 | .14942 12 |+,00001 18 | .14943 22 
3022 37961 5 | .57955 06 |-.00009 09 | .37944 cl 
3024 25751 22 | E5715 14 42 30 | .35673 33 
3126 Suiza 16 | 57510 18 ig 25 | .57497 31 
3342 44188 11 | .44200 09 |+.00014 16 | .44214 18 
3651 . 19580 50°] 19601 9°82! ee 24 43 | .19625 48 
3655 87948 13 | .87969 20 24 28 | .87993 34 
3664 po25e0, 15 | 38548 «15 1.00014, 24 ie25s4 ae 
4047 .71412 e2 | .71427 12 |+.00017 29 | ."71454 31 
ie | .98864 29 | .98895 07 36 35 | .98951 35 
4359 ESE 50 | .56195 08 |-.00044 56 | .56151 37 
4705 95779 45 | .95795 65 |+.00018 91 |..95815 16 
5462 .27092 27 | 27001 27 |-,00001 44 | .27090 52 
5792 26743 28 | .26748 28 |+,00006 — 45 | .26754 Be | 


* Integral Part Only 
* > Fractional Part Only 
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